Background. Many African mothers use gruels made of maize and sorghum as complementary foods for their infants because they cannot afford the cost of nutritionally superior commercial weaning foods.
Introduction
A variety of weaning flours are commercially available with high nutritive value, which are directly used for instant preparation of gruels. In many developing countries, these products are beyond the economic means of the majority of families, so mothers use traditional gruels-watery suspensions of maize or sorghum-as complementary foods for infants. These gruels usually have low energy density and poor protein, vitamin, and mineral contents [1, 2] . In many African countries, women improve the nutritional value of the gruel by addition of groundnut paste. In fact, the level of improvement, as well as the proportion of water to flour, is not standardized, so that children tend to receive gruels that are either too diluted or too concentrated. In addition, because of inappropriate processing technology, the gruels contain significant levels of contaminants and antinutritional factors, which further limit nutrient absorption by the young child [3] . These factors predispose children to protein-energy malnutrition [4, 5] . Apart from protein-energy malnutrition, micronutrient deficiencies are widespread among infants and young children and account for the high rates of child malnutrition. The most prevalent are iron deficiency, anemia, vitamin A deficiency, and iodine-deficiency disorders [6] . Because of the prevalence of these deficiencies, the gradual introduction of complementary foods to infant meals has become an issue of serious concern.
Many types of low-cost complementary foods have been developed from locally available, high-calorie cereals and legumes in tropical Africa [7, 8] . Such legumes, although rich in plant protein, are also rich in antinutritional factors such as tannins, trypsin inhibitor, and polyphenols [9] . Fermentation is known to increase digestibility and reduce the levels of antinutritional factors, thereby increasing the bulk density of Nutrient content of complementary foods based on processed and fermented sorghum, groundnut, spinach, and mango reconstituted gruels [10] .
The present study in Cameroon aimed to improve the nutritive quality of infant gruels by the use of local food materials and simple processing methods. The improvement techniques involved pretreatment of sorghum (dehulling, sprouting, and boiling), fermentation of flours, and the addition of groundnuts, spinach, and mango.
Materials and methods

Sample collection and preparation of materials
Sorghum grains (Sorghum bicolor) of the yellow variety and groundnuts (Arachis hypogaea) of the cam-pala variety were purchased from a local market (Ngaoundéré, Cameroon). They were sorted to remove the moldy and broken grains. Local varieties of moderately ripe mango (Mangifera indica) and spinach (Cnidoscolus chayamansa) were obtained from local farms (Ngaoundéré, Cameroon). Ngaoundéré is a town of about 100,000 people situated in the lower part of the Sudano Sahelian region of Central Africa.
The sorghum sample was divided into portions and processed by dehulling, sprouting, dehulling and cooking, and sprouting and cooking. For dehulling, grains were wetted (2.5 g of grain/ml water) and hulled in a mortar. Hulled grains were washed and dried at 50°C for 24 hours in a prototype electric dryer (CKA200AUF) [11] , built by the Department of Process Engineering at the University of Ngaoundéré. The sprouting involved A.
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Pretreatments of flour blends soaking [12] , germination [13] , and drying at 50°C for 24 hours in the same dryer. Cooking was done by steaming for 2 hours in a domestic steam pot. The cooked grains were dried at 50°C with the dryer. The pretreated grains were then ground to a fine powder with a domestic grinder and divided into two portions, one to be fermented and one to be left unfermented.
Groundnut was processed by roasting, which involved toasting the grains in a preheated aluminum pot on an electric stove for about 15 minutes, stirring vigorously with a wooden spatula, and then peeling the skin. The peeled grains were ground into a fine paste with a domestic pedal-crank grinder, which is a common appliance in study area households. Spinach flour was obtained by drying the fresh spinach leaves and young shoots at 50°C for 24 hours in the dryer and then grinding them to a fine powder. Mango powder was obtained by drying the fruit pulp at 50°C for 24 hours in the dryer, followed by immediate grinding.
Formulation of flour blends
Composite flour was prepared by mixing pretreated sorghum flour (65%), groundnut paste (15%), spinach flour (10%), and mango flour (10%) in a domestic mixer (Moulinex, France). The objective here was to maintain the nutrient composition of the composite flour close to the WHO/FAO standard values for complementary foods, i.e., 70% carbohydrate, 16% protein, 7% lipid, 2% ash, and 5% fiber [14] . The composite flour was divided into two portions, one to be fermented and one to be left unfermented. 
Fermentation of flours
Each of the pretreated sorghum and composite flours was made into a 20% (weight/volume) slurry [8] . One liter of each slurry was incubated with 1 ml of starter culture from Saccharomyces cerevisiae (250 mg/L), and fermentation was allowed to go on for 24 hours at 30°C and pH 4.5. Thereafter, the fermented flours were dried in the dryer at 50°C for 24 hours.
Chemical analysis
The flours (fermented and unfermented) were analyzed individually for protein [15] , lipids [16] , free sugar [17] , fiber and ash [18] , minerals (iron, calcium [19] , phosphorus, and magnesium [20] ), β-carotene [21] , vitamin C [22] , polyphenols [23] , and phytates [24] . The in vitro digestibility of proteins and carbohydrates was determined for all flours by the methods of Gauthier et al. [25] and Mbofung et al. [26] , respectively. For all chemical analyses, each sample was analyzed in triplicate and the values were averaged. 
Results and discussion
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Pretreatments of flour blends in the grain pericarp [27] , which is supposed to be removed by dehulling. But because the structure of sorghum grain does not allow easy dehulling, a significant amount of antinutrients remains in the hulled grains ( fig. 2A) . Boiling the hulled grains does not affect the residual proteins and lipids of the sorghum endosperm, but it contributes to the partial hydrolysis of starch, resulting in an increase in available free sugars (fig. 1A) .
The water-soluble character of phenolic compounds favors their solubility in boiling water and their leaching from the grain ( fig. 2A) . Germination also causes a reduction in protein, lipid, and antinutrient levels, though to a lesser extent than dehulling, because of the metabolic use of these nutrients during germination [27] . During germination, metabolism of these grains contributes to starch hydrolysis to produce free sugars. Phytates are also hydrolyzed by phytase produced during germination, allowing the plant to use its phosphorus during germination [28] . Boiling of sprouted grains does not significantly affect most nutrients, except to cause continuous leaching of residual polyphenols ( fig. 2A) . Combination of the above pretreatments with fermentation contributes to a slight improvement in the protein level ( fig. 1A) and a significant reduction in fiber and some other antinutrients ( figs. 2A and 5A) . The available sugar is used in the fermentation process, resulting in a reduction in its level (fig. 1A) . The vitamin A and C levels in pretreated and fermented sorghum ( fig. 4A ) are less than 0.1 and 0.45 µg/100 g dry weight, respectively. Fermentation does not significantly affect these levels (p < .05), but grain pretreatment, 
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FIG. 4. Levels of vitamins A and C in pretreated sorghum (A) and blends (B)
Complementary foods from processed and fermented sorghum particularly dehulling, reduces the vitamin A level, whereas the vitamin C level remains almost constant.
From the above results, it is evident that dehulling and sprouting, coupled with fermentation and boiling, contribute to the improvement in the nutrient content of sorghum. These treatments, particularly germination, make this positive contribution because the resulting flours produce energy-dense gruels with acceptable consistency [29] . In addition, most of the treatments have the advantage of being affordable at the household or village level. The processed sorghum gruel, although rich in carbohydrates, does not meet the minimum requirements for protein and vitamins for young children recommended by WHO/FAO/ UNICEF [30] . These requirements mandate levels of 68% carbohydrates, 13% proteins, 7% lipids, 5% fiber, and 2% ash. The sorghum flour remains particularly poor in proteins and vitamins and could be improved by the addition of foods rich in these nutrients. Figures 1B, 2B, 3B, 4, and 5B show the effect of blending and fermentation on the processed sorghum as compared with unblended cereal.
Effect of groundnut, spinach, and mango flour blends on the nutrient content of sorghum
Blending of processed sorghum with groundnut, spinach, and mango, with or without fermentation, improves the macronutrient ( fig. 1B) and mineral ( fig. 3) contents of the composite flours. The levels of macronutrients, phosphorus, and magnesium in these composite blends are higher than the recommended values for complementary foods [30] , whereas the iron levels ( fig. 4 ) fall short of the recommended level of 15 
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Unfermented Fermented mg/100 g [31] . A similar trend is observed for calcium, with the highest levels found in the blend made with unprocessed sorghum flour (304 mg/100 g dry weight, instead of the recommended 468 mg/g). Vitamin A and C levels are generally higher than the recommended values. The principal source of vitamin C is mango (0.45 µg/100 g dry weight in sorghum alone, compared to 19 mg/100 g dry weight in blends); however, it should be noted that the levels of this vitamin are reduced during fermentation ( fig. 4) . This reduction was not observed during the fermentation of sorghum alone. The low level of vitamins in sorghum and the precision of the measurement technique used may be the reasons that a significant variation in sorghum was not observed.
Since the leafy vegetable (Indian spinach) and groundnut used in the blends contain some antinutritional factors, such as polyphenols and phytates, these antinutrients are present in higher levels in blends, though at lower levels in the processed and fermented samples ( fig. 2B) .
According to the results of in vitro digestibility studies (table 1), protein and carbohydrate digestibility significantly increased as a result of pretreatment of grain and fermentation of flour in both sorghum and flour blends, with the highest increase in sprouted and fermented samples, while the lowest digestibility was observed in nontreated sorghum flours. Carbohydrate digestibility improved more than protein digestibility; the maximum improvement was 57% and 29% respectively, in sprouted and cooked blends. In addition, fermented sorghum samples have digestibility comparable to their equivalent blended samples. This means that blending did not significantly improve the digestibility, because spinach flours were added without any pretreatment, and therefore their high antinutrient content might have reduced the digestibility of protein and carbohydrates.
Conclusions
Processing of sorghum grain, particularly dehulling and sprouting, contributes to improving the availability of nutrients in cereals. Pairing these processing techniques with fermentation improves the digestibility of the available nutrients, but this cereal remains poor in nutrients for growing children. Complementary foods developed with sorghum, groundnut, spinach, and mango have promising nutritional attributes. They contain reasonable quantities of most nutrients, significantly increased levels of protein, iron, calcium, and vitamins, in accordance with WHO/FAO/UNICEF standards. The processing techniques (sprouting and dehulling, blending, and fermentation) are affordable at the household level and can easily be performed by village women in our study area. However, for these techniques to be properly implemented, the village women must be educated in their use. The higher content of antinutritional factors in the leafy vegetables limits their nutritional quality, suggesting the necessity of treatment before use in order to improve the bioavailability of nutrients. In addition, the limited shelf-life of the flour blends, due to the susceptibility of lipids to oxidation, remains an issue of concern for the population. 
